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Description 

Field of the Invention 

This invention pertains to the field of visual display systems utilizing inorganic phosphors. 

5 Background of the invention 

This invention concerns visual display devices utilizing inorganic phosphors that emit visible 
electromagnetic radiation when excited 4 by energetic electrons (cathodoluminescence, CL) or by 
electromagnetic radiation (photolumlnescence, PL). Although visual display technology utilizing phos- 

10 phors, especially cathode ray tube (CRT) technology, Is the product of many years of intense effort and 
thus is quite mature, there exist numerous potential and thus is quite mature, there exist numerous 
potential applications for such displays that are currentiy unrealized or are only imperfectly realized. 
These applications share a common requirement of high phosphor luminosity. Among these applications 
are projection displays, high resolution displays, and high brightness displays for viewing in the presence 

15 of high ambient light levels, e. g., avionic displays, such as head-up displays, or flight simulators. Novel 
technologies are being developed for these and other applications, e. g. t holographic combiners, that 
require intense narrow-band luminescent emission. Such "monochromatic- phosphors are also of 
interest in a variety of more conventional applications. 

Prior art display devices often emply powder phosphors. In particular, a powder phosphor having a 

20 composition (Y 2 j 1 Tb 0 . 09 )(Al 3 Ga2)Ot2 is known under the designation JEDEC P53: See B. R. Critchley 
and J. Lunt, Society for Information Display, International Symposium, Digest of Technical Papers, 1983, 
pages 122-123. Critchley and Lunt report that the luminous efficiency of (Y^TbJAIgO^ is maximum 
for a between O.OB and 0.09, and drops for a > 0.09. The luminous efficiency of powder phosphors of 
composition Y^Tbo^l^bGatAg was found to peak at b = 2. 

25- Although P53, the prior art powder phosphor, has high luminous efficiency, it can be expected to be 
subject to shortcomings that are inherent in powder phosphors. These shortcomings include poor 
thermal properties, degradation of efficiency with time, and limited resolution. 

Many of the shortcomings of prior art powder phosphor targets can be alleviated by the use of single 
crystal phosphor targets, typically consisting of a monolithic layer of crystalline phosphor that is bonded 

30 at the atomic level to a single crystal face plate. Such epitaxial targets are typically grown by liquid phase 
epitaxy (LPE), although other growth techniques may also be applicable. See, for instance, 
J.M.Robertson etal., Philips Journal of Research, Vol 35, pages 354-371 (1980). Single crystal targets 
have been found to be capable of withstanding input power densities in excess of 10 9 W/m 2 without 
showing measurable degradation, and can have improved resolution as compared to powder phosphor 

35 targets. 

U.S. Patent 4,180,477 describes phosphors for use with cathode ray tubes. The phosphors comprise 
aluminium garnet host material optionally including at least one of the elements scandium and gallium 
and activated by trivalent terbium and having a composition according to the formula 
REaAIis^y^jjScyGa^O^ : Tb, in which RE is one of more of the elements yttrium, gadolinium, lutetium 

40 and bismuth and y and z typically have values in the ranges 0 «s y s= 2 and 0 s= z « 5. 

EP-A-1 42931 discloses a phosphor of single crystal material in which Tb acts as sensitizer of Ce, the 
activator. The composition of the phosphor is (Y^^Ce.TbyREJAl^^O^, where RE is one or 
more 4f-type rare earths other than Y, Ce, and Tb, X is Sc, Ga, or In, and 0 -c x « 0.06, 0 < y«0.5, 0 =s z« 2, 
0 as w ss 3. • 

45 The principles of luminescence in inorganic solids are well known and will not be reviewed herein in 
detail. (See, for instance, Luminescence of Inorganic Solids, P. Goldberg, Editor, Academic Press, New 
York (1966), especially pages 2-52). Briefly, luminescent emission from inorganic solids involves optical 
transitions between electronic states characteristic of the radiating substance. The radiating entity, e. g., 
an atom occupying a crystal lattice site, is raised into an excited state through interaction with the 

50 excitation means, e. g., a UV photon or an energetic electron, followed by the entity's return to the 
electronic ground state, typically by a series of transitions comprising at least one radiative transition 
involving emission of a photon of wavelength in the visible part of the spectrum. 

Luminescence of most inorganic solids involves impurities, e. g., dopants, or structural defects. If the 
impurity or defect is the radiation-emitting entity, it is referred to as an « activator », and we will follow this 

55 usage herein. 

Although single crystal phosphors tend to have luminescent properties whose gross features are 
similar to those of powder phosphors of the same composition, the detailed features tend to differ in a 
generally unpredictable manner. Several reasons exist for this. For instance, since a powder phosphor is 
typically formed by a different process than the single crystal phosphor, chemical differences (e. g., 
60 different phases) may exist Also, the crystal lattice in powder particles can be expected to be heavily 
strained, with a high defect density, whereas the lattice of a single crystal phosphor typically is relatively 
strain free and tree of defects. Since luminescence is quite sensitive to the details of the crystal field, 
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these lattice differences can lead to significant differences in the luminescence. 

One of the materials whose luminescent properties have been investigated extensively is Y a Al 5 0 19 
generally referred to as YAG. In particular, rare earth doped (including Tb 3 + doped) YAG has been 
investigated. See, for instance, D.J. Robbins et al. Physical Review B, Vol. 19(2), pages 1254^1269 (1979) 
See also, European patent application No. 84,306,854.5, published May 29,. 1985, entitled « Visual Display 
System Utilizing High Luminosity Single Crystal Garnet Material », by G. W. Berkstresser et al, wherein an 
epitaxial single crystal garnet material comprising Tb 3 * as sensitizer and Ce 3 * as activator is disclosed 
The discussion below will be limited to epitaxial To-activated YAG phosphors. " 

J. M. Robertson et al (Applied Physics Letters, Vol. 37(5), pages 471-472 (1980)) have shown that the 
hght output of epitaxial Y 3 . x Tb x Al 5 0 12 on YAG has a broad maximum at x about 0.05. Studies have also 
been made on the effect of substituting gallium for some or all of the aluminum in epitaxial rare earth- 
\T * f0r instance * J - M - Robertson et al, Philips Research Journal, Vol. 36(1), pages 15-30 
1981), where it is shown that Ga-substitution in Ce-doped YAG leads to deterioration in luminescence. 
More generally, Robertson has repeatedly stated that epitaxial gallium garnets are less efficient host 
15 attices than the corresponding aluminum garnets. See, for instance, J. M. Robertson, Thin Sold Films 
Vol. 114, pages 221-240 (1984), e. g., at 225 and 231. The prior art thus does suggest that a decrease in 
luminosity is likely to result from partial gallium substitution for aluminum in lb (and other rare earths)- 
activated epitaxial garnet phosphors. 

Because of the great importance of high brightness visual displays, a phosphor that has a narrow 
emission band near the peak visual response of the human eye at 550 nm, that has high conversion 
efficiency, high power capability, high temperature capability, permits high resolution, and is not subject 
to substantial degradation is of considerable technological significance. This application discloses such 
a phosphor. 

According to the present Invention there is provided visual display apparatus comprising (a) an 
excitation beam source, the beam being an electron beam or a beam of electromagnetic radiation 
comprising UV radiation, (b) a screen comprising a layer of phosphor material that is epitaxial with a 
major surface of a crystal substrate, the beam caused to be incident on the screen, and (c) means for 
deflecting the beam, and means for changing the . amplitude of the beam, characterized In that (d) the 
epitaxial phosphor is substantially of composition (Y 3 _ x _ y Tb x REy) (AI^Ga^P,* with Re being one or 
more rare earth element selected from the 4f-type rare earth element other than Tb, with 0.09 <x< 0.7, 
2.91 >y>0, with x + y^=3 and 1.5<w<2.5, and the composition of the epitaxial phosphor is selected 
such that the epitaxial phosphor is substantially lattice matched with the crystal substrate, and such that 
the epitaxial phosphor has high cathodoluminescence. 

According to one aspect of the present invention there is provided a method as defined in claim 1. 
The embodiment visual display system comprises an excitation beam source (electron beam or 
electromagnetic radiation), beam deflection means, beam modulation means, and a screen comprising 
- epitaxial phosphor material on a single crystal substrate. The phosphor comprises epitaxial garnet 
material comprising TB 3 * as activator, the garnet material being substantially of composition 
O^-x-yTbjREy) (Al 5 _ ^Ga^yO^ with RE being one (or more) rare earth (4f-type) element(s) other than Tb, 
with 0.09 <x< 0.7, preferably between 0.1 and 0.3, and 1.5 <w ^2.5, preferably between 1.8 and 2.2. In 
preferred embodiments RE is Lu, YB, or Tm, with the composition of the preferred phosphors, especially 
the value of y, adjusted to yield epitaxial material that is lattice matched to the substrate. By this we mean 
that the epitaxial phosphor material has a lattice constant within about ± 0.002 nm of that of the substrate 
material. The substrate may be Y a Al s 0 12 , which has a lattice constant of 1.212 nm at room temperature. 
In currently most preferred phosphors, RE is Lu, with 0.1 < x < 0.3, 2.7 < y -c 2.9, and 1 .8 < w < 2.2. 

The emission from epitaxial phosphor according to the invention has unexpectedly high intensity, 
and that the phosphor is especially useful for high power applications. Typically, the Tb emission intensity 
in the 540 ±5nm spectral range, at power densities greater than 10 8 W/m 2 , is at least 10 percent greater 
in preferred phosphors according to the invention than in prior art epitaxial phosphors of composition 
Y 3 _ x Tb x AI 5 0 12 , for the same Tb concentration and the same excitation conditions, with at least 70 % of 
the total visible emitted radiation power being in the 535-545 nm spectral range. 

Brief Description of the Drawings 

FIG. 1 shows the normalized CL of epitaxial garnet material of composition (Y 3 . x y Tb x Lu y ) 
(Als-wGaJO^, as a function of Ga content ; 

FIG. 2 schematically shows apparatus for the practice of the invention ; and 

FIG. 3 schematically shows an exemplary avionic display system in which phosphor according to the 
invention can usefully be incorporated. 

Detailed Description 

We have made the unexpected discovery that there exists a compositional range in which the CL of at 
least some epitasial phosphors of composition (Yg.^Tb^RE,) (AI 8 ^ w Ga w )0 18 i can be significantly 
higher than that of the conesponding epitaxial lattice matched Ga-free phosphor. As was pointed out 
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before, the prior art suggests that gallium garnets are less efficient host lattices for rare earth activators 
than the corresponding alumnum garnets. Thus, based on the ' prior art, an increase of CL in aluminum- 
gallium garnet hosts Is not expected. 

The unexpected result is illustrated by FIG. 1, wherein the portion 10 of the curve shows the measured 

5 CL of single crystal phosphors of composition (Y 3 _ x _ y Tb x Lu y ), (AU^GaJO^ as a function of w, with 
y ~ 1.4w, and x chosen to result in maximum CL for the given value of w. The phosphors were grown on 
YAG by liquid phase epitaxy. For w 2:2.2, faceting occurred, and no experimental results were obtained 
for the portion 11 of the curve, L e., for 2.2sw<5, As FIG. 1 shows, the CL of the phosphor according to 
the invention can reach a maximum of about 1.6 times the maximum CL of the prior art single crystal 

10 phosphor Ya.JbiAlsOu. 

The data on which FIG. 1 is based were obtained by exciting the phosphors with a 30 keV electron 
beam, yielding a beam power density of about 3 x 10 s W/m 2 . The beam dwell time was 160 nanoseconds 
the emitted light was passed through a 535-545 nm band filter and detected by means of a standard 
photomultiplier tube. 

15 Although the discussion herein is principally in terms of phosphors in which RE is Lu, we expect that 

advantageous results are obtainable also with other compositions in which RE is a 4f-type rare earth 

element (other than Tb), or a combination of such rare earths. 

We have found that particularly advantageous emission results can be obtained if the epitaxial 

phosphor material is substantially lattice matched to the substrate. In particular, we believe that it is only 
20 under substantially lattice matched conditions that the highest image resolution can be achieved. 

Although high resolution capability of a phosphor is generally a very desirable property, there exist 

possible applications of the inventive phosphor (e. g. f as a high intensity, narrow band light source) that 

do not require high resolution. 

Since Ga substitution for Al results in an Increase of the lattice constant of YAG, it is necessary, in 
25 order to achieve lattice matching of the phosphor and the substrate, to counteract the Ga-caused lattice 

expansion with the incorporation of a rare earth element that cause's lattice contraction of YAG. Such 

elements are Lu, Yb, and Tm, and these elements (or combinations thereof) are preferred constituents of 

phosphors according to the invention. 

In particular, the addition of gallium to YAG results in an increase of the lattice constant by about 
30 0.00546 nm/mole, and the addition of Er, Tm, Yb, and Lu results in decreases of about 0.00076, 0.00176, 

0.00286, and 0.00396 nm/mole, respectively. If RE is Lu, then an advantageous composition ' results if 

y ~ 1 .4w. 

We have found that the CL of phosphors according to the invention depends at least to some degree 
on the growth temperature of epitaxial phosphor layers. At least for Lu-containing phosphors according 
to the invention, we have found that it is advantageous to choose a growth temperature in the range from 
about 1 050-1 090 # C. Furthermore, we have observed that the CL of phosphors according to the invention 
is also a function of substrate orientation, with the most efficient phosphors being obtained with 
substrates of (111) orientation. 

Single crystal YAG is currently considered to be the preferred substrate material, due, inter alia, to its 
40 availability in relatively large size (e. g., disks of about 75 mm diameter), of high crystalline quality, at a 
relatively low price. However, other substrate materials, e.g., garnets such as Y 3 ScAI 4 0 12 or 
Y 2 CaAl 4 Zr0 12 , or nongamets such as sapphire, may also be useful in some circumstances. 

The composition of phosphor according to the invention is substantially (Y 3 _ x _ y Tb x RE y ) 
(Alg^Ga^O^, with minor amounts of other elements, present as impurities or as intentionally added 
constituents, not excluded. Typically, we expect that Y, Tb t RE, Al, Ga and O will constitute at least 95 % 
by weight, frequently at least 99 %, of phosphors according to the invention. RE Is Intended to signify any 
4ttype rare earth element (other than Tb), or combination of such rare earths, with Lu, Yb and Tm being 
currently preferred. Typically, 0.09<x<0.7, and 1.5<w<2.5, with the currently preferred range for x 
being between 0.1 and 0.3, and for w being between 1.8 and 2.2. 

Phosphors according to the Invention are epitaxial with the underlying substrate material, I. e. f there 
exists at least one crystalline direction which is the same in the substrate and the epitaxial layer. In 
preferred embodiments, the phosphor layer is monocrystalline. 

Apparatus for the practice of the invention is schematically depicted in FIG. 2, wherein excitation 
beam 21 is emitted by beam source 20, is amplitude modulated by modulator 22, the modulated beam 23 
is appropriately deflected by deflector 24, and impinges on screen 25, with luminescent radiation 26 
emitted from the excited region of the screen. The beam can be either an electron beam or 
electromagnetic radiation, typically in the UV, with the former being currently preferred. It is to be 
understood that the excitation beam can be amplitude modulated to any degree, including 100% 
modulation, i. e., switching the beam on and off, and that the modulating signal can have any desired 
form. 

Although apparatus of the type shown in FIG. 2 can be used to directly display an image, as is the case 
for instance in a cathode ray tube (CRT), the phosphor according to the invention can advantageously be 
used in more complex information display- systems, e.g., in head-up avionic displays, or in other 
projection displays. An exemplary head-up display is schematically depicted in FIG. 3, wherein the display 
is generated on the face plate of CRT 30, visible radiation 31 is emitted by the phosphor, passes through 
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relay ens 32, Is deflected by fold mirror 32, coliimated by lens 34, projected onto combiner 35 and 
partially reflected from the partially silvered surface of the combiner. The reflected image can be 
observed, as is indicated schematically by eye 37 of an observer. An aircraft canopy 36 is also 
schematically depicted. 7 

5 The display shown in FIG. 3 is of the refractive type, however, other types are known, e. g. t reflective 
displays which use mirror optics, or diffractive displays which use a holographic screen. Phosphors 
according to the invention can be used in all of the known types of display systems. We believe that they 
can particularly advantageously be used in holographic displays, since the intense narrow band emission 
of the inventive phosphor permits the design of highly efficient combiners which can have very high 

10 transmission efficiency for all wavelengths of light except for the wavelengths emitted by the phosphor 
and thus only minimally Interfere with direct visual observation of the background. By a narrow band 
emission, we mean herein an emission spectrum in which more than 70 % of the emitted intensity is 
within a 10 nm spectral range. The possible applications for phosphor according to the invention that 
were discussed herein are intended to be exemplary only, and practitioners will undoubtedly be able to 

15 incorporate the inventive phosphors into display devices not mentioned herein. Such obvious extensions 
of our teachings are considered to be within the skill of the ordinary practitioner. 



Example 



20 A melt consisting of Y 2 0 3 , Tb^O* Lu 2 0 3 , Al 2 0 3l Ga 2 0 3 , PbO, and B 2 O a (3.44, 10.25, 113.13, 36.23 
108.85, 6 000, and 154.05 gm, respectively) was prepared in a platinum crucible in air at ambient pressure* 
The starting matenals were commercial grade, of typically 5N purity. Standard LPE growth (melt 
temperature 1 082 'C, growth rate 5.58 nm/mln, with substrate rotation at 60 rpm, rotation reversal after 
^ Ch w V o Uti0 x n) PI° duced an 8 - 93 »™ thick epitaxial single crystal phosphor layer on a 75 mm diameter 

25 [111] YAG wafer. The composition of the phosphor was approximately Y^Tb^Lu^ 2 Ga, 8 0 12 . 

The CL of the sample was measured by standard methods, with a 30 keV excitation beam resulting in 
a power density of about 3.10 s w/m. The intensity of radiation emitted in the 535-545 nm wavelength 
region was about 1.6 times that of a similarly excfted epitaxial phosphor of composition Y^Tbo ,AIAa 



30 



Claims 



1. Visual display apparatus comprising 

(a) an excitation beam source, the beam being an electron beam or a beam of electromagnetic 
35 radiation comprising UV radiation, 

(b) a screen comprising a layer of phosphor material that is epitaxial with a major surface of a 
crystal substrate, the beam caused to be incident on the screen, and 

(c) means for deflecting the beam, and means for changing the amplitude of the beam 
characterized in that 

40 (d) the epitaxial phosphor is substantially of composition (Y^^/n^RE,) (Al 5 .Ga,^, with Re 

being one or more rare earth element selected from the 4f-type rare earth elements other than Tb with 
0.09 «*x< 0.7, 2.91 ^y »0, with x + y<3 and 1.5<w^2.5, and the composition of the epitaxial 
phosphor is selected such that the epitaxial phosphor is substantially lattice matched with the crystal 
substrate, and such that the cathodoluminescence of the epitaxial phosphor is increased relative to that 

45 of Y3-Jb,AI 5 0 12 . 

2. Apparatus according to claim 1, characterized in that RE is selected from Lu, Yb and Tm. 

3. Apparatus according to claim 2, characterized in that the epitaxial phosphor has a lattice constant 
that differs at 20 'C by no more than 0.002 nm from the lattice constant of the crystal substrate. 

4. Apparatus according to claim 3, characterized in that the crystal substrate is substantially of 
50 composition Y 3 Al s 0 12 . 7 

5. Apparatus according to claim 4, characterized in that 0.1<x<0.3, and 1.8<w<2.2. 

6. Apparatus according to claim 5, characterized in that RE is Lu, and 2.7 < y < 2.9. 

7. Apparatus according to claim 4, characterized in that the crystal substrate major surface 
substantially has [111] crystalline orientation. 

8. Apparatus according to daim 1, characterized in that the epitaxial phosphor is formed by a 
process comprising liquid phase epitaxy. 

9. Apparatus according to claim 1, characterized in that the beam is an electron beam, and the 
apparatus further comprises means for projecting at least some of the radiation emitted by the epitaxial 
phosphor onto display means. 

10. Apparatus according to claim 9, characterized In that the display means comprises a hoIoqraDhlc 
combiner screen. 

11. Apparatus according to claim 9, characterized in that the apparatus is adapted for use as an 
avionic information display system or for use in a flight simulator system. 

12. Apparatus of claim 1, characterized in that the composition of the epitaxial phosphor has for any 
given x and for excitation beam power densities greater than 10 B W/m 2 , a cathodoluminescent emission 
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intensity in the spectral range 540±5nm that is at least 10% greater than that of a second epitaxial 
phosphor of composition Y^TbxAlgO,* for the given x, and for the same excitation beam power 
density and spectral range. 



5 



Patentanspruche 



1 . Optische Anzeigevorrichtung mit 

(a) einer Anregungsstrahlquelle, deren Strahl ein Elektronenstrahl oder ein Strahl aus elektroma- 
10 gnetischer Strahlung eninschlieBlich von UV-Strahlung ist, 

(b) einem Schirm mit einer Schicht aus Phosphormaterial, das sich epitaktisch auf einer 
Hauptflache eines Kristalisubstrats befindet, wobei der Strahl auf den Schirm auftriftt, und 

(c) einer Einrichtung zur Ablenkung des Strahls sowie einer Einrichtung zur Anderung der 
Strahlstarke, dadurch gekennzeichnet, daB 

15 (d) der epitaktische Phosphor im wesentlichen eine Zusammensetzung (Y 3 _ K _ y Tb x REy) 

( Al s-wGaw)0 12 hat, wobei RE ein oder mehrere Elemente seltener Erden des 4f-Typs mit Ausnahme von 
Tb ist, 0,09 <x< 0,7, 2,91 >y s-0 und x + y -c 3 sowie 1,5<:w^2,5 ist und die Zusammensetzung des 
epitaktischen Phosphors so gewahlt ist, daB er im wesentlichen gitterangepaBt an das Kristalisubstrat ist 
und so, daB die kathodische Lumineszenz des epitaktischen Phosphors mit Bezug auf die von 

20 Y^Tb x Al s Oi 2 erh6ht ist 

2. Vorrichtung nach Anspruch 1 t dadurch gekennzeichnet. daB RE aus Lu, Yb und Tm gewahlt ist 

3. Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, daB der epitaktische Phosphor eine 
Gitterkonstante bes'rtzt die bei 20 # C urn nicht mehr ais 0,002 nm von der Gitterkonstante des 
Kristalisubstrats abweicht 

25 4. Vorrichtung nach Anspruch 3, dadurch gekennzeichnet daB das Kristalisubstrat im wesentlichen 
eine Zusammensetzung Y 3 AI 6 0 12 ist 

5. Vorrichtung nach Anspruch 4, dadurch gekennzeichnet daB 0,1 <x<0,3 und 1,8<w<2 t 2 sind. 

6. Vorrichtung nach Anspruch 5, dadurch gekennzeichnet daB RE Lu ist und gilt 2,7 <: y 2,9. 

7. Vorrichtung nach Anspruch 4, dadurch gekennzeichnet, daB die Hauptflache des Kristalisubstrats 
30 im wesentlichen die Kristallorientierung [111] hat 

8. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB der epitaktische Phosphor durch 
einen ProzeB gebildet ist, der eine FIQssigkphasen-Epitaxie umfaBt 

9. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB der Strahl ein Elektronenstrahl ist 
und daB die Vorrichtung ferner eine Einrichtung umfaBt urn wenigstens einen Teii der von dem 

35 epitaktischen Phosphor ausgesendeten Strahlung auf eine Anzeigeeinrichtung auffallen zu lassen. 

10. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet daB die Anzeigeeinrichtung einen 
holographischen Kombinierschirm umfaBt 

11. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet, daB die Vorrichtung fur eine Verwen- 
dung In einem Rugzeug-lnformationsanzeigesystem oder zur Verwendung in einem Flugsimulatorsystem 

40 geeignet ist 

12. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB die Zusammensetzung des 
epitaktischen Phosphors so gewahlt ist, daB er fur ein gegebenes x und fOr eine Leistungsdichte des 
Anregungsstrahls groBer ais 10 8 W/m 2 , eine kathodische Lumineszenz-Emissionsintensitat im Spektral- 
bereich 540± 5nm besitzt die wenigstens 10% groBer ais die eines zweiten epitaktischen Phosphors der 
Zusammensetzung Y 3 _ Jt 7b x Ai 5 0 12 fur ein gegebenes x und fur die gleiche Leistungsdichte des 
Anregungsstrahls und den gleichen Spektralbereich ist. 

Revendications 

50 

1 . Dispasrtif de visualisation comprenant : 

(a) une source de faisceau d'excitation, le faisceau etant un faisceau d'electrons ou un faisceau de 
rayonnement electromagnetique comprenant un rayonnement UV, 

(b) un ecran comprenant une couche de materiau luminophore qui est une couche epltaxiale par 
55 rapport a une surface principale d'un substrat cristallin, le faisceau etant dirige de facon a tomber sur 

Tecran, et 

(c) des moyens pour devier le faisceau et des moyens pour changer Pintensite du faisceau, 
characterise en ce que 

(d) le luminophore epitaxial a pratiquement la composition (Ya^/Fl^RE,) (Alg^GaJO^, dans 
laquelle RE est constitue par un ou plusieurs Elements de la serie des terres rares, seiectionnes parmi les 
elements de la serie des terres rares du type 4f autres que Tb, avec 0,09 < x < 0,7, 2,91 > y > 0, avec 
x + y<3 et 1,5<w< 2,5, et la composition du luminophore epitaxial est selectionriee de facon que le 
luminophore epitaxial ait un reseau cristallin pratiquement adapte a celui du substrat cristallin, et de 
facon que ia cathodoluminescence du luminophore epitaxial soit augmentee par rapport a celle du 

65 materiau Y^Tb^AlsO^. 
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2. Dispositif selon la revendication 1, caracterise en ce que RE est selectionne parmi Lu, Yb et Tm 

3. Dispositif selon la revendicatlon 2, caracterise en ce que le luminophore epitaxial a une 
constante de reseau qui, a 20 'C, ne differe pas de plus de 0,002 nm de la constante de reseau du substrat 
cnstallin. 

5 4. Dispositif selon la revendicatlon 3, caracterise en ce que le substrat cnstallin a pratiquement la 
composition VAPO 12 . 

5. Dispositif selon la revendicatlon 4, caracterise en ce que 0,1 < x < 0,3, et 1,8 < w < 2,2. 

6. Dispositif seion ia revendication 5, caracterise en ce que RE consiste en Lu, et 2,7 < y < 2 9 

7. Dispositif selon ia revendication 4, caracterise en ce que la surface principle du substrat cnstallin 
io a pratiquement une orientation cristalline [111]. 

8. Dispositif selon la revendication 1, caracterise* en ce que le luminophore epitaxial est forme par un 
processus comprenant I'epitaxie en phase iiquide. 

9. Dispositif selon la revendication 1, caracterise en ce que le faisceau est un faisceau 
d'electrons, et le dispositif comprend en outre des moyens destines a projeter sur des moyens de 

is visualisation au moins une partie du rayonnement qui est emis par le luminophore epitaxial. 

10. Dispositif selon la revendication 9, caracterise en ce que les moyens de visualisation compren- 
nent un ecran de visualisation hoiographique. 

11. Dispositif selon ia revendication 9, caracterise en ce que ie dispositif est adapte pour 
I'utilisation en tant que systeme de visualisation d'information en avionique, ou pour ['utilisation dans un 

20 systeme de simulateur de vol. 

12. Dispositif selon la revendication 1, caracterise en ce que la composition du luminophore 
epitaxial est telle que, pour n'importe quelle valeur x donnee et pour des densites de puissance du 
faisceau d'excitation superieures a 10 8 W/m 2 , le luminophore epitaxial a une intensite d'emission de 
cathodoluminescence dans la gamme spectrale de 540±5nm, qui est superieure d'au moins 10% a celle 

25 d'un second luminophore epitaxial ayant la composition Y^Tb^ljO^, pour la valeur donnee de x, et 
pour la meme denslte de puissance du faisceau d'excitation et ia meme gamme spectrale. 
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